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$j=1,2,$ . $,$ . $,$ $k\text{ }\langle tj\equiv\phi_{j}(x, \xi\rangle$ $a_{j}\equiv$. $a_{j}(x., \xi, y)$ Fourier
$I( \phi_{j}, a_{j})f(X)=\int_{\mathrm{R}^{2n}}a_{j}(x, \xi, y)ej(x.,\xi)+(x-y)\xi).f(i(\emptyset y)dy$
k $\mathrm{t}_{-}b_{j}(X, \xi)$ \mbox{\boldmath $\chi$}’
\mbox{\boldmath $\chi$}k\mbox{\boldmath $\chi$}k-l . . . $\chi_{1}$.
\mbox{\boldmath $\phi$} - $b$
$I(\phi_{k\sim}, ak.)I(\phi_{k}-1, ak-1)\cdots I(\emptyset 1,\overline{\mathrm{t}}l_{1})--I(\phi, b)$
( $\mathrm{H}\ddot{\circ}\mathrm{r}\mathrm{m}\mathrm{a}\mathrm{n}\mathrm{d}\mathrm{e}\mathrm{r}[5]$)
$(a_{1}.‘ O_{2}, \ldots, a_{k})arrow$
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2Fourier $j=1,2,$ $\ldots,$ $L$
$I(t_{j} \phi_{j,j}a)u(x)=(\frac{\nu}{2\pi})^{d}\int_{R^{2d}}e^{-j_{\mathrm{t}}}-(x-y)\xi)(j\lambda x,\xi_{\mathrm{t}}y)l_{j(}x.\xi_{\}y)_{?}\mathit{4}(y)d\text{ }(td_{j}(yd\xi$
$t_{1},$ $t_{2},$
$\ldots,$
$t_{L}$ paramieters $\mathrm{z}/>>1$ parameter
$I(t_{L}\phi_{L\backslash }.aL)\ldots I(t_{1}\emptyset 1, a1)u(x_{L})$
$=$ $( \frac{l\text{ }{\underline{?}\pi}})^{d}\int_{R^{2A}}e^{\overline{\mathrm{x}}\}/()}K(x_{L},\xi_{L},X\mathrm{o})_{?\prime}0(_{X}\mathrm{o}xL^{-}x0\xi L)\zeta f\xi LdX0$ , (1)
$I \mathrm{t}^{\nearrow}(x_{L}.\xi L, X0)=(\frac{l\text{ }{2\pi}})^{d}(L-1\}\int_{R^{2}(1}dL-)-1)\prod_{j=1}^{L}de-i\nu\Phi\prod_{i=1}a_{j}(Xj,\xi_{j\cdot j}Lx-1\xi_{j}.dx_{j}$ ,
$\Phi=t_{L}\phi_{L}(x_{L}, \xi_{L}, xL-1)+(x_{L-1}-x_{0})\xi_{L}+\sum_{j=1}^{L-1}\{t_{j}\varphi_{j}J(X_{j}, \xi_{j\prime,X_{j1}}-)-(x_{j}-X_{j-1})\xi j\}$ . (2)
– $K(x_{L}, \xi, X\mathrm{o})$
–
$I(\Phi, a, \nu)(x_{Ij}, \xi_{L,0}X)$
$=$ $( \frac{l/}{2_{\Gamma}}‘)^{ti(}L-1)\int_{R^{2}}d(L-1).,-,\xi 1,X\mathrm{o}\rangle\prod_{=j1}Cl\xi\prime jde-i\nu\Phi_{a(X_{L}}\xi_{\iota,\ldots\backslash }\text{ }x_{j}x_{1}l\lrcorner^{-}1$ $\langle..3\rangle$
$a(x_{L,\xi L,\ldots,1}X\backslash , \xi_{1}, X_{0})$ .. :. .
$d=1$ $d>1$
21 $m\geq 2$ $j$ $h-rY\iota$
$2 \leq|\alpha|+|\beta\max|+|\gamma|\leq m\sup_{(x_{\}}\xi,y)\in R3}|\partial_{x}^{\alpha}\partial_{\epsilon}\beta\partial 2^{\cdot}\rho(j(_{X,\xi,y}y)|\leq\kappa_{m}’,$
$j.\cdot=1,\underline{.?}..$ L$:..$ . (4)
60
$s_{L}.,\xi^{-}Lr$ ..- \Phi $(\ovalbox{\tt\small REJECT}.t.\cdot\cdot, \xi)$ , $\dot{\xi}$ )
( $x_{1,}\ldots$ . , -1, $\xi_{1\backslash }\Gamma\ldots,$ $\zeta_{I}^{\sim}..-1$ ) $\Phi$ \sim $=1_{;}\ldots,$ $L-1$
2
$\zeta_{j}(x_{j+3}, \xi_{j}\perp|1, X_{j}, \xi_{j_{\mathrm{t}}}x_{j}-1)$ $\equiv$ $\partial_{x_{j}}\Phi$
.
$(_{\mathrm{t}}^{r_{)}})$
$=$ $\xi_{j+1}.\cdot-\xi.j+\mathrm{f}j\partial x_{j}j(\mathit{9}^{!}(_{X.\xi_{j}}j_{\mathit{1}}\cdot x_{j}-1)+tj\neq 1\partial xj\mathrm{t}.bj+\mathrm{x}(Xj+1, \xi j\perp_{1}‘ : xj)$
$z_{\dot{7}}.(_{X_{j}}’.\xi j X_{j-}1)$ $\equiv$ $\partial_{\xi_{j}}\Phi=-x_{j}+\cdot x_{i}-\tau 1+t_{j}\partial_{\xi_{j}}\phi j(xj, \xi j\cdot xj-1’),\cdot$
$(6_{\text{ }}\rangle$




$\mathcal{F}$ : $R^{2(L-1\rangle}\ni(_{X_{=}}\xi)\backslash arrow\{z,$ $\zeta^{\mathrm{c}})\in R^{2\mathrm{t}^{L-}1)}$ .
$(x^{*}, \xi^{*})=\mathcal{F}^{-1}(\mathrm{o}, \mathrm{o})$ $\mathcal{F}$ $J$
$\Sigma_{j=1}^{IJ}t_{j}=T_{L}$
$\mathcal{F}$




3. \Phi $(x^{*},\xi^{*})$ –
2:2 $K\geq 0$
$|a_{j}’|_{\backslash }| \rho’\mathrm{m}\mathrm{a}\mathrm{x}i|\leq K(x_{L},\epsilon L\backslash ‘\ldots,\xi_{1}\sup_{):x0}|\partial_{x}^{a0}\prod_{=1}^{L}\mathrm{o}xjj\langle_{X}L, \xi L, \ldots\prime 1\xi x,1, X0)\partial^{a_{j}}\partial_{\xi}t’\mathit{3}ja..|j<\mathit{1}4_{k}$. (8)
$\max$ l $\alpha_{j}\leq K$ $\beta_{j}\leq K\text{ }$ $1\leq j\leq L-1$
$\Phi^{*}$ $\Phi$ – :
61
212.1 2.2 $t_{j}$ $\gamma=\inf_{x.\xi}|\mathrm{d}\mathrm{e}\mathrm{t}.\frac{\partial(\approx.’\zeta}{\partial(x,\xi)}$ $|>0$





21 1. 5 $f_{\tilde{\iota}}2T_{L}<1$ , 2fl $\gamma^{-1}<$.
$(1-5l\mathrm{t}J^{\cdot}2TL)^{2}-2L$
2. – 2 (1) –



















$t\mathcal{F}(x, \xi)={}^{t}(z, (.)=\triangle^{t}(x, \xi)+\Psi.$ (14)
${}^{t}(x,$ $\xi \mathrm{I}$ ( $(x, \xi)$
$\triangle^{-1}=-$ , $^{-}C\backslash$ $\triangle_{1}^{-1}=$
$\triangle^{-\iota}{}^{t}(\mathcal{Z}.\zeta)={}^{t}(X, \xi)+\triangle^{-1}\Psi$ (15)




3.1 $T_{L}=\Sigma_{j=}^{L}1tj$ \triangle -1\Phi $D\triangle-1\Psi$
$||D’\Delta^{-1}\Psi(x,\xi)||_{l^{\infty}}\leq,5l\mathrm{e}_{2}T_{L}||(X,\xi)||_{\iota}\infty$










$(t_{1}\partial_{x_{1}\xi}\partial\emptyset 11$ $0$ $0$
$A=|t_{2}\partial_{x_{1}\epsilon 2}00\partial\phi 2$




$||.\triangle^{-1}D‘\Psi^{t}(_{X}x_{\mathrm{s}}\xi’\xi)||_{\iota\infty}\leq \bm{5}\kappa_{2}\tau L||t(X_{:}\xi)|.|_{\iota\infty}$ . (16)




$||D_{x,\xi}\Psi t(X,\xi)||_{t^{1}}\leq \bm{5}\kappa_{2}\tau_{L}||^{t}(x,\xi))||_{\iota}\infty$ .
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$d=1$ $d>1$




, $1\leq j^{l}\leq L-1$
$M_{j}e^{-j}=e^{-}\nu\Phi i_{\mathfrak{l}}\text{ }\Phi$ , $N_{j}e^{-i}\nu\Phi=e^{-}i_{1\text{ }}\Phi$ .
$\mathit{1}\eta_{/}I_{j}$ $kI_{j}^{*}$
$I(\Phi, a,\iota \text{ })(xL,\xi_{L},X_{0})$
$=$
$( \frac{\iota \text{ }{2\pi}}\mathrm{I}^{L1}-\int R^{2(}\iota-1)jt\phi le^{-}a(i\nu\Phi X_{L},\xi L, \ldots,x_{1}.,\xi 1, X0)\prod_{=j1}^{-1}d\xi_{j}dx_{j}L$
$=$
$( \frac{\nu}{2\pi})^{L-1}\int_{R}2(L-1)e^{-}i\nu\Phi \mathrm{j}\mathrm{t}I*(jaxL,\xi L, \ldots,X1,\xi 1, X0)L\prod_{j=1}^{1}d\xi jdX_{j}-$.
$\mathit{1}lf_{j}$ $N_{j}$ , $I(\Phi, a, \nu)$
$I(\Phi, a,\iota \text{ })(x_{L},\xi L,X_{0})$
$=$




$M_{j}^{*}$ $=$ $a_{j}^{0}(x.;+1\cdot\xi j+1, Xi:\xi j,Xj-1)Dxj+a_{j}(1x_{j}+1,\xi_{j}+1, Xj,\xi j,a_{j1}.-)$
$N_{j}^{*}$ $=b_{j}^{0}(X_{j},\xi_{j.j1}\backslash x-’)D_{\xi}+b_{j}^{1}(jXj\text{ }.\xi_{j},x_{j1}-)$
$l$
$a_{j}^{0}= \frac{-il\text{ ^{}\mathrm{x}/}2.\zeta_{j}}{1+\nu(_{j}^{2}}$ , $a_{j}^{1}= \frac{1}{1+\nu\zeta_{j}^{2}}.+Dxj\{\frac{-i_{\mathfrak{l}\text{ ^{}1/}}2\zeta_{j}}{1+\nu\zeta_{j}^{2}}\}$
$b_{j}^{0}= \frac{-i\nu^{1/2_{Z_{j}}}}{1+\nu z_{j}^{2}}$ , $b_{j}^{1}= \frac{1}{1+\nu z_{j}^{2}}+D\xi j\{\frac{-i_{U^{1/2}}\sim 7j}{1+\nu z_{j}^{2}}\}$ .
$a_{j}^{0}$ $a_{j}^{1}$
32 $k=0$ $=1$ . \alpha ’+1, $\beta j+1,0j,$ $\beta_{j},$ $\alpha’j-1$ $C$
$|D_{x_{j+1\xi 1}}(\gamma j+3D^{3}’\prime jj++1D_{x}\alpha_{j,j}’DD^{\alpha_{j}}-\perp.a^{k\wedge}\xi^{j}jx_{j-1}j\beta|$ $\leq C(1+\nu\zeta j)2-1/2$ ,
$|D_{x_{j}}^{\alpha_{j}}D_{\xi Xj}^{\beta_{j}}D^{\alpha_{j-}}.1l^{k}jj-1J$. $|$ $\leq c(1+\mathcal{U}\mathcal{Z}^{2})^{-1/2}j$ .
65
Proof. $\zeta_{j}$ ,
32 C $\alpha_{j},$ $\ldots,$ $/\mathit{3}_{j-1}$ $2L-2$
$N_{L-}^{*2}M_{L-1}*2\ldots,$$N*2\mathrm{W}_{1}^{*2}1$” $1’ \mathit{1}$ $4L-4$ .
$4L-5$ $L$ $\infty$
$M_{1}^{*}$ $x_{3},$ $\xi_{3},$ $\ldots$
7 $L$
$\Lambda I_{1}^{*}$
$|N_{L-1}^{*}\mathit{2}\Lambda IL^{-1}\star 2\ldots N_{1}*2M^{*}12a(x_{L},\xi_{L}, \ldots, X1,\xi 1, x_{0})|$ (18)
$\leq$ $C^{2(-}L1)_{\prod_{=j1}^{L1}(\nu}-1+\zeta j2)-1(1+\nu Z)^{-}j\mathrm{A}_{2}21$ .
(17)
$|I(\Phi_{/}.a, U)(xL, \xi L, .0\prime r_{J})|$
.
(19)
$\leq$ $( \frac{l\text{ }{2\pi}})^{L-1}C^{2L2}-\int R\sim’ L-2^{\cdot}2L-1j=\prod_{1}(\iota+\nu\zeta_{j})^{-}1(1+\mathcal{U}z_{j})^{-1}2A6L-1\prod_{j=1}d\xi jdX_{j}$ .
$(x, \xi).arrow(z, \zeta)$ , (19)





$\nu\zeta_{j}arrow z_{j}$ \nu $arrow y_{j}$ $C_{1}$
$|I(\Phi, a, \mathcal{U})(_{X_{L}},\xi_{L}, X_{0})|\leq c’ 1L-1A_{6}\gamma-1$ (21)
[8]
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